ABSTRACT
Invariant NKT cells (iNKT) represent a unique subset of innate lymphocytes that play a dual role and exert a pro-inflammatory function and also a tolerogenic function that is crucial to maintain T cell tolerance and prevent autoimmune diseases like Multiple Sclerosis, Type 1 Diabetes, Rheumatoid Arhritis and Systemic Lupus Erithematosus (SLE). Although a large body of evidence indicated that iNKT cells are instrumental to counterregulate T cell-mediated autoimmune diseases, there is still some controversy on whether iNKT cells can actively induce immunosuppression and directly dampen T cell autoimmunity. Moreover, the recent discovery of a distinct iNKT cell subset, the iNKT17 cells, with strong adjuvant and pro-inflammatory function raised the question on what is the role of NKT17 cells in the pathogenesis of autoimmune diseases. Here, we review the current knowledge on iNKT cell biology and focus our attention on the possible mechanism of action and final effect of the different iNKT cell subsets in the pathogenesis of T cellmediated autoimmune diseases.
INTRODUCTION
CD1d-restricted T cells that are characterized by the expression of an invariant TCR alpha-chain (Valpha14 in mice and Valpha24 in humans) and markers of natural killer cells are referred as invariant natural killer T cells (iNKT) cells. iNKT cells represent a unique lymphocyte subset with remarkable functional diversity and highly diverse immune functions. On one hand, they actively induce T cell tolerance (1) and are crucial for prevention of autoimmune diseases in pre-clinical models of Multiple Sclerosis (MS), Type 1 Diabetes (T1D) and Rheumatoid Arthritis (RA). On the other hand, iNKT cells actively participate in the innate immune response to promote antimicrobial (2-4) and antitumor immunity (5-7). In fact, iNKT cells confer protective immunity against cancer and various infectious agents and also contribute as effector cells to the development of allergic airway disease, contact hypersensitivity, hepatitis, ischemia-reperfusion injury, atherosclerosis, and obesity-associated diseases (8,9). The importance of iNKT cells as immune adjuvants during infections is highlighted by the observation that several microbial antigens can directly activate iNKT cells and pathogens escape immunity by blocking iNKT cell activation. While the effector function of iNKT cells in infections and anti-tumor immunity is widely recognized, the capacity of iNKT cells to effectively induce immune tolerance has been recently questioned and this is partially due to lack of knowledge on the mechanism of action of immune regulatory iNKT cells.
The acquisition of a specific cytokine-secretion phenotype seems to correlate with the different iNKT cell functions. For example, the secretion of pro-inflammatory cytokines such as IFN-gamma and IL-12 is linked with the adjuvant function of iNKT cells against infections and tumors (10-12), while iNKT cells that induce immune tolerance and prevent autoimmunity carry a Th2-biased cytokine phenotype. It is counter-deductive that the iNKT cell secretion of pro-inflammatory and Th1-inducing cytokines such as IFN-gamma and IL-12 can boost T cell immunity against pathogens and tumors (iNKT cell adjuvant function). However, it is less evident how iNKT cells that secrete type 2 cytokines but also significant amounts of IFN-gamma (13) can down-regulate autoimmunity. The observation that iNKT cells capable to suppress autoimmune diseases secrete a diverse array of cytokines including Th2-type cytokines like IL-4, IL-5 and IL-13 and tolerogenic cytokines like IL-10 but also type 1 inflammatory cytokines, i.e., IFN-gamma, suggests that their tolerogenic mechanism of action is not cytokine mediated. Recently, a new functional iNKT cell subset characterized by the predominant secretion of IL-17 and a differential pathway of thymic differentiation has been identified. NKT17 cells play a strong pro-inflammatory function and play a pathogenetic role in autoimmune diseases.
Hence, although the functional classification of iNKT cells in effector NKT1 cells (IFN-gamma-secreting) and regulatory NKT2 cells (IL-4-secreting) based on their cytokine-secretion profile has been accepted for many years, it is now clear that the iNKT cell role in immunity and autoimmunity is more complex and not strictly cytokine-dependent. Here, we will present current notions on the iNKT cell biology, antigen recognition, acquisition of a specific cytokine profile and mechanisms of action for tolerance induction and prevention of autoimmune diseases.
INVARIANT NATURAL KILLER T CELLS: MODULATORY CELLS AT THE BRIDGE BETWEEN INNATE AND ADAPTIVE IMMUNITY
Since iNKT cells play an important role in the early immune response against pathogens, they are often presented as innate immune cells but it would be limiting to restrict their role to such classification. Innate immune cells are, by definition, cells that are present and ready to function prior to the exposure to microbes and their intent is to provide first-line defense against pathogens. iNKT cells respond to such criteria since they pre-exist in the peripheral immune system in a significant percentage (1-2% of spleen lymphocytes, 0.2.-1% of lymph node cells, 10-20% of liver lymphocytes and 40% of CD3 + cells in the bone marrow) and are pre-committed to secrete cytokines prior to the exposure to infections. However, iNKT cells also show typical features of adaptive immune cells such as the capacity to respond with proliferation and cytokine secretion to a specific antigenic stimulation. Those iNKT cell features indicate that they do not belong to a single immune compartment but act at the interface between innate and adaptive immunity. Importantly, like other innate immune cells such as dendritic cells, macrophages and mast cells iNKT cells play different and opposite functions according to the site and time of the immune response. Right after the contact with the foreign pathogen or substance they participate in the inflammatory response by releasing pro-inflammatory cytokines and by cytotoxic function (14) . However, they can also acquire a tolerant function to limit the inflammatory response and avoid destructive immunity and autoimmunity in steady-state or after the clearance of pathogens. In order to attend their dual role iNKT cells must perceive different stimuli from the environment and acquire different functional phenotype to regulate appropriately the downstream adaptive immune response. The environmental stimuli that drive different iNKT cell functions are yet unknown but there is indication that iNKT cells can respond directly with a TCR-mediated mechanism to microbe-derived glycolipids presented by dendritic cells (DCs) in the context of the CD1d restriction molecule. Alternatively, pathogens trigger innate receptors (pattern recognition receptors-PPRs) within DCs, which, in turn, activate iNKT cells through the combined presentation of self-derived glycolipids and production of pro-inflammatory cytokines like IL-12 and type I interferons (IFNs) (15) (16) (17) .
The antigen specificity of iNKT cells: self and nonself glycolipids
The invariant NKT cell receptor (NKTCR) recognizes glycolipid antigens presented by the MHC class I-like molecule, CD1d. The invariance of the NKTCR had originally led to speculation that iNKT cells react to a single glycolipid antigen. In that view, the first iNKT cell antigen identified, the marine-sponge-derived glycolipid antigen alphaGalCer, was thought to mimic the natural endogenous or exogenous ligand. For many years, research on iNKT cell biology was based on the assumption that iNKTCR reacts to a single glycolipid antigen and that the identification of such ligand would help to clarify the iNKT cell function in the immune system. In fact, the exclusive recognition of a microbial antigen by iNKTCR would have suggested that the main function of iNKT cells is proinflammatory and primarily aimed at fighting pathogens. On the contrary, the identification of a self-glycolipid antigen would have implied that iNKT have a predominant role in the steady-state for maintenance of immune tolerance towards self-antigens and prevention of autoimmune diseases. Recent studies have weakened the idea that iNKT cells recognize a single antigen. In fact, various lipids bind naturally to the CD1d molecule, and, although not all of them stimulate the NKTCR, it is clear that the iNKT cells can proliferate and secrete cytokines in response to both pathogen-derived as well as selfglycolipids isolated from autologous cells and tumors (18) . Hence, the current view is that the iNKTCR does not recognize a single antigen but rather a restricted set of glycolipids that share structural homology and derived either from pathogens or self tissues.
Similarly to conventional T cells that need to recognize self peptides presented by MHC molecules in the thymus in order to undergo positive selection, also iNKT cells require recognition of a self glycolipid antigen for their thymic maturation. The observation that mice with a deficiency in β-hexosaminidase (hexb), an enzyme required for the generation of iGb3 in lysosomes, have a defective iNKT cell development, suggested that the iGb3 self glycolipid is necessary the intrathymic iNKT cell maturation (19) . However, since the glycolipid ligands for iNKT cells are loaded onto CD1d molecules in the late endosome/lysosome compartment, the iNKT cell defect in hexb-deficient mice could be related to the abnormal accumulation of glycolipids in the lysosomes rather than to a specific requirement of iGb3 for iNKT cell selection in the thymus. In support of that idea, there is the observation that the iNKT cell development is also defective in individuals affected by several lysosomal storage diseases in which the pathological accumulation of glycosphingolipids in the lysosomes influences endogenous lipid loading and/or CD1d restricted presentation (20) .
While the nature of the self-glycolipid antigens that activate iNKT cells remain elusive, important progress has been made in characterizing microbe-derived iNKT cell antigens. Glycolipid antigens capable of triggering the iNKTCR have been isolated from different bacterial species, such as Sphingomonas (21, 22) , Borrelia burgdorferi (23) and Streptococcus pneumonia (24) . Also, evolutionary conserved structures such as glycosylceramides isolated from the cell wall of Gramnegative LPS-negative bacteria which are ubiquitously present in the environment, such as Ehrlichia muris and Sphingomonas capsulata, can activate the iNKT cells in an antigen specific manner. Other pathogens such as the LPSpositive Salmonella thyphimuriu, Salmonella enterica and Listeria monocytogenes activate iNKT cells indirectly through the recognition of an endogenous glycolipids presented by TLR or NOD-stimulated DCs (16, 17) .
The current hypothesis regarding the antigen specificity of iNKT cells is that iNKT cells mature in the thymus upon recognition of a self-glycolipid and then respond peripherally with proliferation and cytokine secretion to microbe-or self-derived glycolipid antigens. According to this view, the iNKT cell phenotype and function is not determined by the recognition of microbial or self-antigens but it is rather driven by the context in which they receive the antigenic stimulation and by the integration of different co-stimulatory signals. The recognition of a self-glycolipid in the absence of pathogens, for example during autoimmune damage of peripheral tissues, could drive iNKT cell towards a regulatory phenotype and function suppress self-reactive T cell immunity. Conversely, when iNKT cells recognize microbial or self-glycolipids in the context of an infection and in the presence of danger signals, i.e., IL-12 secreted by PRR-stimulated DCs, they acquire an adjuvant function and critically contribute to the clearance of pathogens.
Functional iNKT cell subsets: conventional iNKT cells and NKT17 cells
Upon activation, iNKT cells rapidly secrete a broad array of cytokines belonging both to the Th1 (IFN gamma, IL-12, TNF-alpha), Th2 (IL-4, IL-5 and IL-13) and Th17 cytokine secretion pattern as well as downmodulatory cytokines such as IL-10. This highly diverse cytokine secretion capacity enable iNKT cells to modulate adaptive immunity, thus providing protection against viral and bacterial infection, as well as to regulate a large spectrum of diseases including autoimmune diseases, allergy, allograft rejection and graft versus host disease (25) . Originally, iNKT cells were divided in two different functional subsets according to their cytokine secretion pattern. Pro-inflammatory iNKT cells that play adjuvant function were classified as NKT1 cells with predominant IFN-gamma and IL-12 secretion while iNKT cells with regulatory and immune suppressive function were thought to have a predominant NKT2 phenotype characterized by secretion of type 2 cytokines like IL-4 and IL-13. Those functionally distinct subsets of iNKT cells were thought to have specific surface markers. In humans, double negative (CD4 -CD8 -) iNKT cells exhibit a strongly biases Th1 profile while CD4 + iNKT cells have a mixed Th1/Th2 cytokine secretion profile (5, 6). However, this distinction is not present in murine iNKT cells and it is now evident that iNKT cell subsets are not pre-defined but iNKT cells acquire different cytokine secretion profiles in the periphery according to the nature of activating stimuli and by the context in which those stimuli are carried out. In this view, the co-stimulatory signals provided by DCs simultaneously with antigenic stimulation such as CD40-CD40L and SLAM-SLAM interaction and cytokines like IL-12 play a central role in the iNKT cell decision to acquire a predominant IFN-gamma-secreting or IL-4-secreting phenotype (26, 27 Recently, a specialized subset of iNKT cells that releases high concentrations of IL-17 within 2-3 hour from TCR stimulation in the absence of Th17 priming cytokine such as IL-6, TGF-β or IL-23 has been identified and classified as NKT17 cells (30, 31) . This iNKT cell subset is completely distinct from conventional iNKT cells (secreting different amounts of IFN-gamma, IL-4, IL-5, IL-13) and seems to have a fixed and pre-defined cytokinesecretion phenotype with release of IL-17 and IL-22 but no other Th1 or Th2 cytokines. The developmental pathway of NKT17 cells is also completely different from that of conventional iNKT cells. In the thymus, during the early phases of iNKT cell maturation (DP stage), a fraction of iNKT cell precursors maintains RORgammat expression and undergoes NKT17 cell differentiation (32). The mechanism that regulates this process is still unclear. Different hypothesis have been suggested including the presence of specific endogenous antigens that selectively direct iNKT cell precursor cells toward a preferential NKT17 cell differentiation or a still unidentified costimulatory molecules that "set off" the program that favours iNKT17 cell development. NKT17 cells play a predominant effector and pro-inflammatory function and, although their role in organ-specific autoimmune diseases has not been extensively studied, there is preliminary evidence that they contribute to the pathogenesis of T cellmediated autoimmune diseases like Type 1 Diabetes (T1D) (33).
THE TOLEROGENIC FUNCTION OF INKT CELLS: INDUCTION OF T CELL TOLERANCE AND PREVENTION OF AUTOIMMUNE DISEASES
The hypothesis that iNKT cells could play an immune regulatory function in the immune system originated soon after their discovery. In 1994 a subset of T cells showing markers of natural killer cells together with an invariant TCR was identified (34) and one year later the group of W.E. Paul described a selective defect of the CD4 In the model of immune privilege in the eye, the anterior chamberassociated immune deviation (ACAID), peripheral tolerance towards an antigen injected intraocularly was achieved only in the presence of iNKT cells (1) . In fact, CD1d-deficient or Valpha14 NKT cell-deficient mice failed to develop systemic tolerance. In addition, iNKT cells were capable to induce transplantation tolerance towards allogeneic (48) and xenogeneic islet cells transplanted into the liver (49) and towards cardiac allografts (50) . In all cases, long-term survival of the grafts induced with different tolerogenic stimuli (anti-CD4, anti-CD154, anti-LFA-1 and anti-ICAM-1, anti-B7-1/2 monoclonal antibodies) was obtained in wild-type but not in Valpha14 iNKT cell-deficient mice. Also, host iNKT cells inhibited T cell immunity in Graft-versusHost Disease (GVHD). The aforementioned studies provided clear evidence that iNKT cells are crucial for induction of peripheral tolerance. The strongest evidence of a pro-tolerogenic role of iNKT cells cames from the numerous studies reporting that iNKT cells have the capacity to counter-regulate the pathogenesis of several organ-specific autoimmune diseases.
Multiple sclerosis
The importance of iNKT cells as regulatory T cells in autoimmune disease of the Central Nervous System (CNS) was highlighted by the finding that their percentage is reduced in mice susceptible to EAE, the experimental model of MS (37, 51) as well as in MS patients (45) . In those studies the iNKT cell number was assessed in EAEsusceptible SJL/J mice both by the analysis of NK1.1. (52) . Those studies clearly suggested a possible role of iNKT cells in protection from MS. However, the final evidence of such role came from the observation that iNKT cell activation prevented autoimmunity in pre-clinical models of MS. EAE was the first autoimmune disease in which the ability of iNKT cells to prevent T cell autoimmunity was demonstrated. The oral administration of OCH, a synthetic glycolipid analogue of alphaGalCer, was able to prevent MOG 35-55 peptide-induced EAE in B6 mice through the regulatory action of iNKT cells. In fact, only wild-type B6 mice but not iNKT cell-deficient littermates were protected from EAE, thus showing that the OCH analogue selectively triggered the pro-tolerogenic function of iNKT cells. In that report, the protective action of the OCH analogue was linked to its ability to induce a predominant secretion of the Th2-type cytokines such as IL-4 upon iNKT cells (36). Later on, a better degree of protection against MOG 35-55 peptide-induced EAE was achieved by treatment of B6, PL/J or SJL/J mice with alphaGalCer, a strong NKTCR agonist that promoted iNKT cell expansion and cytokine secretion without driving them towards a specific Th2-type cytokine profile (37) . The latter finding suggested that the immune regulatory role of iNKT cells in EAE did not necessarily depend upon their acquisition of a Th2 cytokine profile. The observation that alphaGalCer treatment did not protect from EAE neither IL-4 nor IL-10 knockout B6 mice indicated that Th2 cytokines may be important for the immune regulatory cascade generated by iNKT cells but it did not necessarily imply that iNKT cells mediate their protolerogenic function through secretion of Th2-type cytokines. In support to the latter hypothesis, another report demonstrated that alphaGalCer-activated iNKT cells should secrete a diverse array of cytokines including IFN-gamma to induce protection against EAE (53).
Type 1 diabetes
A reduced number of Valpha14 iNKT cells and their abnormality in cytokine secretion have been reported in animals that develop spontaneous autoimmune diabetes such as nonobese diabetic (NOD) mice (13, 54, 55) and diabetes-prone BB rats (56) as well as in humans affected by T1D (42, 43) . In the first report of iNKT cell defect in diabetes-prone NOD mice (54) , the deficit in the number of NK1 + -like thymocytes was directly correlated with the progression of the autoimmune disease. In those studies the restoration of a normal iNKT cell number by injection of thymic Valpha14 NKT cells from nondiabetic (BALB/c X NOD F1) mice ameliorated autoimmune diabetes. This observation, together with the finding that the presence of a large number of iNKT cells in Valpha14 TCR transgenic NOD mice only partially prevented T1D, suggested that a quantitative but also qualitative NKT cell defect is present in NOD mice. Originally, it was believed that such defect regarded selectively the iNKT cell secretion of Th2 cytokines like IL-4. That idea was supported by the finding that in twins discordant for T1D, the diabetic sibling showed lower frequencies of CD4 -
CD8
-Valpha24JalphaQ + T cells associated with a reduced secretion of IL-4 by iNKT cells (42) . Later on the importance of Th2 cytokines secretion for the protective role of iNKT cells has been strongly questioned by several findings. First of all, the observation that secretion of both IL-4 and IFN-gamma was defective in NOD mice (13) . Also, the selective defect of IL-4 secretion by iNKT cells in T1D patients was not confirmed by more recent studies (57) .
Although the nature of the functional defect of iNKT cells in autoimmune T1D
is not yet clarified, it remains unquestionable that a lower percentage of iNKT cells is present in humans and animals prone to T1D. Interestingly, a recent report has linked the reduced iNKT cell number in NOD mice to a genetic defect of the Slamf1 gene (58) . In that study, it was demonstrated that the Slamf1 gene controls the expression of SLAM on DP thymocytes and the maturation of iNKT cells in the thymus. Hence, the genetic defect of the Slamf1 gene in NOD mice was responsible for the reduced SLAM expression on DP thymocytes as well as dendritic cells (27) and the resulting quantitative iNKT cell defect.
As mentioned earlier for the role of iNKT cells in MS pathogenesis, the best evidence that iNKT cells play a protective role against autoimmune T1D was provided by the observation that iNKT cell activation prevented T1D in NOD mice. Two studies published in 2001 reported that the intraperitoneal injection of alphaGalCer, the NKTCR agonist, protected NOD mice through modulation of iNKT cells (38, 39) . Similarly, the activation of iNKT cells by up-regulation of the their restriction molecule, CD1d, within the pancreatic islets of insCD1d transgenic NOD mice was able to prevent autoimmune T1D (59) . Interestingly, the administration of alphaGalCer was effective when given early (4 weeks of age) and late (starting at 10 weeks of age when the autoimmune T cell repertoire in NOD mice is already generated). Hence, the regulatory effect of iNKT cells was played not only in the induction phase of the autoimmune disease for activation and/or expansion of islet-reactive T cells, but was also important in the effector phase of the disease with a direct inhibition of the diabetogenic potential of islet-reactive T cells. Those studies clearly established a protective role of iNKT cells in autoimmune T1D, however they failed to provide a mechanism of action. Preliminary evidence indicated that protective iNKT cells mainly secreted IL-4 and biased the cytokine profile of islet-reactive T cells towards a protective Th2 type. However, alphaGalCer-activated iNKT cells secrete IL-4 and IFN-gamma and it remains to be clarified whether the latter cytokine could have a direct down-regulatory effect on the diabetogenic potential of islet-reactive T cells or if a different iNKT cell-mediated mechanism of action is involved in alphaGalCer-induced T1D protection.
Systemic lupus erythematosus
The first evidence of pathogenic link between selective reduction in iNKT cell number and organ-specific autoimmune disease came from studies in the autoimmuneprone MRL/lpr mouse, the murine model for human systemic lupus erythematosus (SLE) (60) . Such selective reduction in iNKT cell number was then confirmed in other experimental models of lupus, the NZB/NZW F1 mice (61) , as well as in humans affected by SLE (40) . In the MRL/lpr model the reduction of Valpha14 iNKT cell number correlated with the progression of autoimmunity: iNKT cells started to decrease at 3-4 weeks of age before the onset of the autoimmune disease and disappeared completely at 10 weeks of age at time of clinical manifestation of disease. In the same murine model, a further evidence of a crucial role for iNKT cells for prevention of autoimmunity, came from the observation that transfer of iNKT cells isolated from Valpha14 TCR transgenic iNKT cells and injected into MRL/lpr mice delayed onset of clinical signs of lupus.
Rheumatoid arthritis
Despite of the small percentage of iNKT cells in the PBMC, a significant decrease in the percentage of Valpha24
-iNKT cells was reported in patients affected by RA (40) . Interestingly, in that report the reduced number of iNKT cells was associated with their inability to respond to antigenic stimulation with alphaGalCer. The latter finding suggested that iNKT cells of RA patients carry an intrinsic defect of maturation that render them unable to expand in response to antigenic stimulation.
MECHANISM OF ACTION OF TOLEROGENIC iNKT CELLS

The role of cytokines
Since iNKT cells release massive amounts of cytokines upon activation via their TCR, it was originally believed that they mediate their regulatory or adjuvant function through secretion of cytokines. The iNKT cell secretion of pro-inflammatory cytokines such as IFN-gamma and IL-12 was linked with the adjuvant function of iNKT cells to fight infections and in anti-tumor immunity (10, 12). On the other hand, early studies suggested that Th2-type cytokines could play an important role in the immuneregulatory function of iNKT cells. For example, protection from autoimmune diabetes induced by either injection of diabetogenic T cells or cyclophosphamide treatment was obtained only in the presence of IL-4 and/or IL-10 (39). Furthermore, iNKT cells that induced T cell tolerance and ameliorated animal models of autoimmune T1D or MS showed an increased secretion of Th2-type cytokines such as IL-4 and IL-10 (36-39, 62) . In those models, the cytokine profile of self-reactive T cells was also biased towards a Th2 phenotype that is protective in T cell-mediated autoimmune diseases. Those findings together with the early reports of a selective impairment of IL-4 secretion by iNKT cells of mice and humans affected by autoimmune diseases, suggested that the secretion of Th2 cytokines by iNKT cells were responsible for their regulatory action (42, 51) . Specifically, the release of IL-4 and/or IL-10 at the time and site of activation of selfreactive T cells could alter their cytokine phenotype and reduce their inflammatory potential and aggressiveness towards self-tissues. However, studies in IL-4 and IL-10 deficient mice clearly demonstrated that the secretion of those cytokines was dispensable for iNKT cells to mediate their regulatory function and prevent autoimmune diseases. In fact, activation of iNKT cells by administration of alphaGalCer was able to protect against autoimmune T1D and EAE both wildtype and IL-4 (63) or IL-10 deficient mice (64) . More recent reports demonstrated that iNKT cells prevented T1D without driving a Th2 shift of selfreactive T cells (65) . Instead, islet-reactive CD4 + T cells injected into Valpha14 TCR transgenic NOD mice were primed in the pancreatic lymph nodes but rendered anergic by iNKT cells. In that model, iNKT cell-secreted cytokines such as IL-4, IL-10, IL-13 and TGF-β did not play any role in the protective effect. The same group reported in vitro experiments showing that iNKT cell modulation on selfreactive T cells required cell-cell contact (66) . In that experimental work, the authors clearly demonstrated that iNKT cells were unable to modulate T cells in a trans-well system, thus confirming that iNKT cell secretion of cytokines was not sufficient for their regulatory action. However, that study did not clarify the type of cells that were directly contacted by iNKT cells. In fact, the isletreactive CD4 + T cells resulted anergic and less diabetogenic after being cultured with iNKT cells but there was no evidence that such effect was due to a direct NKT-T cellcell interaction and it did not exclude the possibility that iNKT cells play their immunosuppressive role by modulating other immune cells, such as antigen-presenting cells, present in culture.
Modulation of dendritic cells
The capacity of iNKT cells to modulate dendritic cells (DCs) in order to play their adjuvant function and boost innate immune responses has been clearly demonstrated (67) . Specifically, several in vivo studies reported that iNKT cell activation provoked the maturation of The effect of iNKT cells on DCs under steady-state conditions, i.e. in the absence of pathogens, for example during autoimmune diseases has been less studied but it may be similarly important for the regulatory role of iNKT cells. The first report suggesting that regulatory Valpha14 + iNKT cells modulated myeloid DCs was provided by the observation that iNKT cell-mediated protection from autoimmune T1D in NOD mice was associated with the recruitment of tolerogenic myeloid CD8alpha -DCs within the pancreatic lymph nodes (69) . In addition, the transfer myeloid CD8alpha -DCs isolated from PLN of iNKT cell-protected mice into NOD recipients completely prevented T1D development (69) . However, a subsequent study stressed the importance of plasmacytoid rather than myeloid DCs for control of autoimmune T1D in the NOD mice (70) . Hence, although there is indication that iNKT cells could mediate their regulatory role for prevention of autoimmune diseases through modulation of DCs, the functional features of those tolerogenic DCs and the molecular events operating in tolerogenic iNKT cell-DC interaction are still unclear. In 2005, the group of M. Taniguchi clarified the type of regulatory properties that iNKT cells induced on DCs (71) . Specifically, in that study the Authors demonstrated that stimulation of Valpha14 iNKT cells in vivo by repeated alphaGalCer injections generated tolerogenic DCs characterized by up-regulation of co-stimulatory (CD80, CD86 and CD40) and MHC class II molecules and a tolerogenic cytokine profile with high IL-10 and low IL-12 secretion. Interestingly, the iNKT cell-induction of those tolerogenic DCs was associated with protection from autoimmune disease (EAE) and the acquisition of an IL-10-secreting phenotype by self-reactive CD4 + T cells. Recently, our group collected clear evidence that iNKT cells directly interact with myeloid DCs through cell-cell contact mechanisms that involve the CD1d molecule and drive them towards a tolerogenic IL-10-secreting phenotype (72) . Moreover, iNKT cell-induced DCs showed a unique capacity to activate regulatory Tr1 cells when used as antigen-presenting cells (72). + cooperate functionally in the counterregulation of experimental autoimmune diseases like T1D (28) and myasthenia gravis (EAMG), the animal model of human myasthenia (29) . Specifically, it was shown that iNKT cell activation by alphaGalCer was able to protect mice from EAMG by favoring T reg expansion through IL-2-dependent mechanisms. In addition to the significant increase in their number, CD4 + CD25 + T cells from iNKT cell-protected mice were also more potent in inhibiting proliferation of self-reactive T cells. Although that study clearly indicated that iNKT cells mediate their regulatory effect through induction of conventional T reg cells, it did not assess whether the iNKT cells interact directly with T reg cells or, through cell-cell contact with DCs, favor antigenpresentation and activation of T reg cells.
Induction of Treg cells
THE THERAPEUTIC POTENTIAL OF iNKT CELLS
So far, the therapeutic use of iNKT cells to improve T cell immunity against infections and tumors or to dampen T cell immunity for prevention of autoimmune diseases has been hampered by the dual phenotype and function of iNKT cells (73) . Although the mechanism of action of iNKT cells is unknown and not necessarily cytokine-mediated (66, 72, 74) , it is clear that a characteristic cytokine secretion pattern correlates with the iNKT cell acquisition of a specific function. For example, the secretion of pro-inflammatory cytokines such as IFNgamma and IL-12 is linked with the adjuvant function of iNKT cells to help fighting infections and in anti-tumor immunity (10-12). Conversely, iNKT cells that induce T cell tolerance and prevents or ameliorates autoimmune diseases in animal models were characterized by the release of a wide array of cytokines that included Th1 cytokines like IFNgamma and Th2-type cytokines such as IL-4 and IL-10 (36-39, 62). Without knowing the mechanism that drives the iNKT cell orientation towards a specific cytokine phenotype there is no guarantee that the iNKT cells will play the required function in vivo to treat rather than worsen infections, tumors or autoimmune diseases. A better understanding of the different molecules and pathways involved in the differentiation of regulatory iNKT cells and of the mechanism underlying iNKT cell-regulatory function are necessary to fully exploit their therapeutic potential for prevention and/or treatment of autoimmune diseases.
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